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The need for alternative fuel sources is an ever growing concern for the resources sector. With finite 
resources rapidly being consumed and pollution levels rising, alternative fuel sources are necessary 
to not only alleviate the demand on fossil fuels, but also decrease the amount of pollutants released 
into the atmosphere. This document will outline the research, design and analysis that were 
conducted to derive a new continuous solvent extraction process to facilitate the removal of lipids 
from used food sources for use in the production of biodiesel. The process of solvent extraction is a 
well-known process, however it is desired to research and develop a process to replace the 
traditional hexane solvent extraction method. The new method would employ the use of dimethyl 
ether (DME) as the solvent. From previous experimentation it can be seen that on an experimental 
scale, DME gave higher yields under similar conditions than the traditional hexane process. The 
major issue with the use of DME in this design is that under standard conditions it takes the form of 
a vapour. This means that the vapour must be cooled and compressed before it can be used as a 
liquid in the extraction process. The main purpose of this thesis is to determine the economic 
feasibility, as well as the physical viability of this process. This document outlines the ideas and 
concepts that were researched, concluding them in a literature review, as well as an in depth 
description of the simulations that were created to test the designed system. The final part of this 
document analyses the results that were collected from this simulation and the economic analysis of 
the system. The results that were collected throughout the project suggest that DME solvent 
extraction could be a viable alternative to the traditional hexane extraction process.  
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CHAPTER 1 - INTRODUCTION    
Modern life has become extremely dependant on fossil fuels as a source of energy. From electricity 
to heat, fossil fuels play a major role in the lives of everyday people. The major issue with these fuel 
stocks is that they are of finite supply and the use of these sources release harmful gasses into the 
atmosphere. (Schlumberger Excellence in Education Development (SEED), 2015). The introduction of 
diesel and Liquefied Petroleum Gasses (LPG’s) as an alternative to conventional fuels such as petrol 
have had some effect in reducing the emission of harmful by-products, however these sources are 
still of limited supply. The use of biodiesel as an alternative to petroleum based fuels has been 
extensively researched and has been implemented into large scale production. Common feed stocks 
for biodiesel production include oils extracted from rapeseed and soybean. The farming of these 
feed stocks specifically for biodiesel production is an inefficient use of fertile farmland which could 
otherwise be used to produce crops for feeding the world’s ever growing population (Biofuel.org, 
2010). The use of waste food products as a source of oil for biodiesel production is relatively new in 
its concept, however much progress has been made on extracting these oils through several 
different extraction methods. The most common extraction technique employs the use of hexane to 
remove the oils from solid food products. This is commonly referred to as hexane extraction 
(Anderson G. E., 2011). The use of hexane as a solvent in oil extraction has several drawbacks, both 
from a safety standpoint and a health standpoint. Hexane is extremely flammable and has several 
health risks such as skin irritation, dizziness and can be fatal if swallowed. Hexane is known to be 
toxic to aquatic life with long lasting effects and is also listed as a carcinogen to humans (National 
Biodiesel Board, 2015). Hexane based extraction processes are also subject to high capital and 
production costs due to large energy requirements and the cost of purchasing hexane. 
This thesis will explore the possibility of a new solvent to be used in place of hexane in this 
extraction process. DME (methoxymethane) is the proposed alternative. DME brings its own 
challenges when considering its use as a solvent. The major issue being that DME resides as a gas at 
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standard temperature and pressure. However, DME does not produce the health and safety issues 
that hexane displays (National Center for Biotechnology Information, 2015). The design and analysis 
of a continuous process to extract oils from used food products (in this thesis specifically spent 
(used) coffee grinds) is the main objective of this thesis. Whilst batch and semi-batch processes have 
already been implemented on an industrial scale, it is desired to design and model a continuous 
process alternative to achieve this extraction process. The techno-economic analysis of the process 
is also extremely important when determining the economic sensibility in replacing traditional 
hexane extraction with DME extraction. The use of DME as a solvent has been previously tested by 
(Sands, 2014) who discovered DMEs proficiency at extracting oils from spent (used) coffee grinds. 
This thesis is not a proof that DME has properties that allow it to extract these oils from bio-
products, but rather a design and analysis of a continuous process that can be proven to be 
economically viable for extracting oil. This project does not consider the suitability of the solvent for 
particular bio-products or oils. 
The aim of this work was to design, simulate, test and analyse the results of a continuous solvent 
extraction process using DME as the extraction medium. The main outcome of this work was to 
determine the economic viability of the project, in other words, would the project make money and 
how much is it going to cost to build the intended design. Without economic viability, this project 
would cause a loss to the company and would therefore not be implemented. The economic viability 
of this project is analysed and explained extensively within the report as it is the main focus of the 
project. All of this testing was based upon the process simulation. This simulation was built using 
Aspen plus. This simulation was used to derive the mass and energy balances for the system which 
would become the main focus of the production cost analysis. This simulation was then converted to 
a working piping and instrument diagram (P&ID). The P&ID was used in the capital cost estimation 
process to determine the start-up cost of the plant.  
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CHAPTER 2 - LITERATURE REVIEW 
 
This section will cover the background research for the project. The research in this section will 
provide readers with a fundamental understanding of the project to ensure that the works 
completed within this project are easily understood. This section will cover the definition, available 




Biodiesel is a renewable source of fuel that can directly replace conventional petroleum based 
diesel. Biodiesel refers to a non-toxic fuel that is produced through the trans-esterification of fats or 
oils derived from plant and animal based products (ARfuels, 2010). Production of biodiesel has 
increased from approximately 25 million gallons in the early 2000’s to approximately 1.7 billion 
gallons in 2014. This shows a major growth in the production of biodiesel, therefore highlighting the 
need for more economical and sustainable methods of production (National Biodiesel Board, 2015). 
There are several advantages to using biodiesel over conventional petroleum based fuels. The main 
advantage is its sustainability. It is made from naturally derived sources that are renewable. It is also 
non-toxic and completely biodegradable. The use of biodiesel also significantly reduces carbon 
emissions and produces less noxious exhaust emissions than standard fuels. Biodiesel also exhibits 
higher lubricity than standard diesel. This can significantly prolong engine life (BioFuel Systems 
Ground Ltd., 2015). Biodiesel can either be used in its pure form or it can be mixed with 
conventional petroleum diesel to form biodiesel blends. The most common blends are B100, B20, B5 
and B2 with the number representing the percentage of biodiesel in the blend. There are several 
advantages to using blends rather than pure biodiesel. Whilst pure biodiesel (B100) provides greatly 
reduced toxic gas emissions as compared to other blends, it does have several drawbacks. B100 
contains approximately 8% less energy per gallon than petroleum diesel. It is also susceptible to 
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gelling at cold temperatures. The use of B100 can also cause a decrease in fuel economy. B20 (a 
mixture of 20% biodiesel and 80% petroleum diesel) on the other hand only suffers from a 1-2% 
power decrease and results in similar or better fuel economy than standard petroleum diesel. B20 
represents a good balance of cost, emissions and cold-weather performance compared to B100 and 
lower blends such as B5 and B2 (U.S Departement of Energy, 2015). In the United States alone 
biodiesel injected 10.6 Billion US Dollars into the U.S economy in the year 2011/2012 (almost a 10 
fold increase from the year 2005/2006) and employed more than 50,000 people in the same time 
frame (BioFuel Systems Ground Ltd., 2015). The major disadvantage of biodiesel usage is the amount 
of feedstock required to produce the product. Since biodiesel is produced from food based products, 
there is only a certain amount of feedstock that can be used before food is taken from the mouths of 
humanity. 
2.2) SOURCES OF OIL FOR BIODIESEL PRODUCTION 
2.2.1) ALGAE 
 
Algae have become a highly researched source of oil for use in biodiesel production. It is found 
naturally in stagnant ponds; it can however be grown in both small and large scale growth tanks as 
well as ‘natural’ man-made ponds (Shalaby, 2013). The farming of algae (algaculture) can be 
performed little or no effect on the surrounding environment. Unlike other sources of biodiesel, 
which use fertile farming land that could otherwise be used to produce crops for food, algae farming 
can be performed in any place that has a water source. Algae can be grown in fresh water as well as 
saline and waste water (Dinh, Guop, & Mannan, 2009). If fresh water is used, the growth of algae 
has a minimal impact on the fresh water source. Another advantage of algae based fuels are their 
biodegradable nature. This indicates that if there were a leak or spill, the damage to the surrounding 
environment would be minimal if any damage occurred at all (Yang, Xu, Zhang, Hu, Sommerfeld, & 
Chen, 2010). Whilst algae based fuels continue to emit carbon dioxide (CO2) into the atmosphere, it 
only releases CO2 that was previously absorbed by the algae in the process of photosynthesis. This 
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makes algae based fuels completely carbon neutral (Bullis, 2007). The biggest concern with the use 
of algae for biodiesel production is its economic viability. Currently, the production of biodiesel from 
algae has not been performed on a large enough scale to meet the current energy needs of the 
world (Singh & Singh, 2009). The absolute maximum proven yield in a commercial scale production 
facility across a whole year was found to be 25 grams per meter squared per year. With the 
maximum oil content of 30%, this equates to approximately 30,000 litres per hectare. This is not 
enough to compensate for the production costs of the plant. Without proper funding and start-up 
capital for the construction of a large scale production facility, the use of algae as an alternative fuel 
would not make sense from a financial standpoint. The start-up cost for the plant would be 
extremely high due to the sheer amount of equipment required for the cultivation, extraction and 
refinement of algae to produce fuel. After many years of research it has been proven that profitable 
algae’ farming is almost impossible on a commercial scale. 
2.2.2) OIL-RICH BIOMATERIAL (FARMED) 
 
Oil-Rich Biomaterial refers to basic food items that are rich in natural oils. These feed stocks come 
from existing food crops such as rapeseed (canola), sunflower seeds, corn and soybeans. These 
sources are found directly from plantations where they are harvested (Shalaby, 2013). These 
materials are widely available and are relatively cheap to produce. The farming of these sources of 
biofuels requires no special methods and is based on conventional farming techniques. With yields 
ranging from 172 litres per hectare for corn to 3000 litres per hectare for rapeseed, it can be seen 
that conventional crops have a promising future in their use as biofuels (Hill, Kurki, & Morris, 2006). 
Their wide availability is also a positive aspect that makes this source of biofuels more promising. 
These sources of biofuel also have a high tolerance to withstand microbial degradation (Singh & 
Singh, 2009). This is the process in which micro-organisms attack the crop and convert the cellulose 
components into sugar that the organisms then consume. This intones that fewer crops are lost in 
the farming process resulting in higher crop yields. There are however, several disadvantages to 
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using crops that are harvested with the sole purpose of producing biodiesel. The farming of crops for 
biodiesel production uses significant portions of fertile farmland that could otherwise be used for 
farming crops for food. It is more important to feed people than produce biofuels. The effects of 
monoculture would also become abundant in the soils in which the crops are grown (Conserve 
Energy Future, 2015). Monoculture is the practice of producing the same crops year after year, 
rather than producing varying crops. This can be seen as ‘economically attractive’ for the farmers, 
however, growing the same crops every year can deprive the soil of nutrients that are supplied back 
to the soil through crop rotation. This can turn fertile farmland into arid land (Conserve Energy 
Future, 2015). There are however a number of different crops that can be used to provide oils for 
biodiesel production. This indicates that farmers can avoid monoculture, however, different crops 
result in different yields of oil per hectare of farmland. This means that farmers may see declines in 
income due to lower yields of oil from different crops. This is not economically feasible for the 
farmer as a steady source of income is preferred. Whilst the farming of crops does provide a 
consistent source of oils for biodiesel, it is not preferred due to its use of fertile farmland and its 
tendency to destroy vital land. 
2.2.3) OIL-RICH BIOMATERIAL (USED): 
 
This source of biofuels uses the same crops as previously mentioned (i.e. rapeseed, corn, soybeans 
etc.) however, instead of harvesting these crops directly from the farm, they are attained from 
spoiled/wasted food products. It is estimated that a third of all food produced in the world is never 
consumed. This totals to approximately 1.3 billion tons of food wastage per year of which the United 
States alone contributes 40% (Science X Network, 2015). These wasted food products contain 
vegetable oils (albeit less than those of harvested crops) that can be used in the production of 
biodiesel. This source of oil addresses the issue of using fertile farmland to produce crops specifically 
for developing biofuels that was considered in the previous section. The crops are initially used as 
food; however the wastage products (unused food) are then utilised for oil extraction and biodiesel 
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production. The project at hand will focus on the use of spent coffee grounds as a source of oils for 
biodiesel production.  
2.2.4) COFFEE GROUNDS AS A SOURCE OF BIODIESEL 
 
Coffee is one of the most popular beverages in the world. According to the United States 
Department of Agriculture, the total worldwide production of coffee was approximately 16.34 billion 
pounds (approximately 8 billion kilograms) for the year 2005-2006 (Kondamudi, Mohapatra, & 
Misra, 2008). Coffee is of such abundance that it is currently the second most traded commodity on 
the planet (Investor Guide Staff, 2015). This abundance of coffee results in large amounts of spent 
coffee grounds (coffee grounds already used to produce coffee). These coffee grounds are of no 
commercial value and are currently disposed of as a solid waste product. The composition of spent 
coffee grounds however is very complex with a wide range of chemical compounds present. This 
suggests that spent coffee grounds could be used to develop a wide range of bio-products through 
the extraction of these compounds (Caetano, Silva, & Mata, 2012). Spent coffee grounds have been 
reported to contain between 10 to 15 precent by weight of oil which can be used to produce 
biodiesel (Campos-Vega, Loarca-Pina, Vergara-Castaneda, & Oomah, 2015). The biodiesel that is 
extracted from spent coffee grounds is much more stable than that of which is produced from other 
sources. This is due to coffee’s high antioxidant content. These antioxidants help to prevent the 
rancimat process which is the main cause of biodiesel deterioration (Kondamudi, Mohapatra, & 
Misra, 2008). It is estimated that the recycling of spent coffee grounds can potentially contribute 340 
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2.3) EXTRACTION METHODS 
2.3.1) MECHANICAL EXTRACTION 
 
There are three main methods of mechanical extraction. These are hydraulic pressing, screw 
pressing and centrifugation. All of these methods are based upon the principle of “squeezing” the oil 
out of the substance that is subjected to the mechanical action. All of these methods require pre-
treatment of the substance before it is pressed. This is to ensure that the maximum oil recovery rate 
is achieved. The pre-treatment process for spent coffee grounds would involve the washing, drying 
and grinding of the grounds to ensure minimum water content, maximum surface area and 
minimum impurities (Soetaredjo, Budijanto, Prasetyo, & Indraswati, 2008). The treated coffee 
grounds would then be subjected to one of the aforementioned extraction processes. These 
extraction processes will be explained in further detail throughout the following sections. 
2.3.1.1) HYDRAULIC PRESSING 
 
The hydraulic press was invented by J. Bramah of England in 1875 (Kirschenbauer, 1944). In the 
1920s the hydraulic press became the industry standard before being replaced in the late 1950s by 
the continuous screw press (Anonymous, 2000).  Hydraulic pressing involves the use of high pressure 
hydraulic cylinders to apply pressure in a downward motion to an oil rich material such as spent 
coffee grounds in order to remove the lipid oils from the compound. This device essentially 
“squeezes” out the oils and compounds the left over coffee grounds into a cake which is then 
discarded. This method is still used today in the olive oil industry as a means of extracting natural 
olive oil that is processed without the use of heat or chemicals (Kemper, 2005). Hydraulic presses 
can achieve typical yields of between 3 to 5%. This is relatively low as compared to other extraction 
techniques which can result in yields of 15 to 30%. The advantage of hydraulic pressing is that it can 
be made into a small unit for smaller applications. This cannot be accomplished with typical solvent 
extraction techniques (abc Machinery, 2015).  
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2.3.1.2) SCREW PRESSING 
 
The screw press extraction method was invented in the early 1900’s by Valerius D. Anderson in 
Cleveland Ohio (Anderson V. D., 1900). This was a major step forward from the previously 
mentioned hydraulic pressing method. The major advantage of screw pressing over hydraulic 
pressing is the continuous nature of the screw press process. An expeller uses a rotating screw 
situated within a caged barrel-like cavity. The raw materials enter from the inlet stream and the 
waste products exit at the waste outlet stream. The oil then leaks out of the screw and through small 
openings that do not allow fibrous solids to enter. The oil is then captured in a reservoir. The waste 
product comes in the form of a hardened cake that must be removed from the process. This is 
similar to the hydraulic pressing method. Screw pressing is the most widely used mechanism for oil 
extraction. Typical yields that are observed from this method range up to 80% of the oil in the 
feedstock. Screw pressing is a very effective and simple method of oil extraction. 
2.3.2)  SUPERCRITICAL FLUID EXTRACTION (SFE) 
 
A supercritical fluid is considered to be any substance that is being held at a temperature and 
pressure that is greater than that of its critical temperature and pressure. Fluids in their supercritical 
state do not exhibit distinct liquid and gas phases. This means that it is able to flow through solids as 
a gas, and dissolve materials as a liquid (L., M.A, S.P , H.A , & E.G, 2009). Supercritical fluid extraction 
uses these behaviours to extract a solute from a mixture of compounds (normally a solid). The most 
commonly used supercritical fluid is carbon dioxide (CO2) as it has a low critical temperature (31 
degrees centigrade), has roughly the same density as hexane at 200 bar and the solvent 
characteristics are similar to that of hexane. When carbon dioxide is in its supercritical state it is able 
to dissolve triglycerides at up to 1% mass. Once the triglycerides are extracted the mixture simply 
needs to be returned to normal atmospheric conditions and the carbon dioxide is almost completely 
removed from the triglycerides. After extraction there is almost no left over solvent in the outlet 
solute (G.N , S.M, U.S, & P.K, 2010). These properties make supercritical fluid extraction a viable 
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technique in the removal of lipids from spent coffee grounds. The only issue with this technique is 
the price. Due to extremely high pressures and above average temperatures (depending on fluid 
used), it can be extremely expensive to design and build a plant to withstand the demanding 
conditions of supercritical fluid extraction. 
2.3.3) SOLVENT EXTRACTION 
 
Solvent extraction historically refers to the introduction of a solute between two immiscible (non-
homogenous) liquid phases that are in contact with one another. When these two liquid phases are 
in contact with each other, the dissolved solute is distributed between the two layers until 
equilibrium is reached. The solvent is then removed from the extraction vessel and the solute is 
extracted from this liquid (Jan Rydberg, 1992). In this project the main focus of solvent extraction 
will be regarding the use of solid-liquid solvent extraction (leaching). Chemical leaching is the term 
used to describe the process of extracting elements from a solid mixture by dissolving these 
elements in a liquid (Vanderbilt University, 2015). In the scope of this thesis the solid material is the 
spent coffee grounds and the solute is the lipid materials of these coffee grounds. The lipid material 
is a non-polar biological substance that is attached to the coffee grounds (Shmoop University). When 
this substance comes into contact with a non-polar substance (such as the solvents listed in Section 
2.4 below) it transfers from the coffee grounds into the solvent and forms a non-polar solvent-solute 
mixture. This mixture can then be processed to remove the solute from the solvent.  Solvent 
extraction is the most economically viable extraction method available for industrial use. With high 
efficiency and relatively low cost, it has fast become the most common large scale extraction process 
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2.4) SOLVENTS USED IN SOLVENT EXTRACTION PROCESSES 
2.4.1) HEXANE 
 
Hexane is currently the industry standard solvent used for oil extraction purposes. Its wide 
availability and low cost make it a desirable compound for use in this process. Hexane is a clear 
colourless liquid that is both insoluble in water and less dense than water. Hexane vapour is heavier 
than air and has a distinct petroleum–like odour (PubChem, 2015). Hexane, whilst being the most 
commonly available and used solvent for industrial processes does have several drawbacks. These 
drawbacks are observed when safety is considered. Hexane is an extremely flammable substance in 
both its liquid and vapour states. It is known to be fatal if swallowed or inhaled in excessive 
quantities. It can also cause central nervous system damage. Hexane exposure can result in several 
minor issues such as drowsiness, dizziness and skin irritation. Hexane is also known to be extremely 
toxic to aquatic life with long lasting effects on water ways and their wildlife. Hexane currently offers 
the greatest trade-off between purchase cost, effectiveness as a solvent and health/safety issues. 
The investigation of a new solvent that could replace hexane as the industry standard solvent would 
be highly desirable to make plant operation safer for both the human and animal populations 
surrounding the plant (ScienceLab, 2015) 
2.4.2) PETROLEUM ETHER 
 
Petroleum ethers are a mixture of various hydrocarbons with 5-8 carbon atoms present in the chain. 
They can be directly substituted for hexane with very little change to the overall process design. 
They are widely available and acceptable for use as a solvent in solvent extraction processes 
(Cyberlipid.org, 2015). Petroleum ethers are extremely volatile and are subject to extremely low 
flash points (Sax, 2007). Petroleum ether is known to be toxic to humans with exposure acutely 
affecting the central nervous system and liver. Side effects include central nervous system damage, 
nausea and vomiting (Gad, 2005). Petroleum ether, unlike hexane, is known to rapidly vapourise in 
soil and water and is not toxic to aquatic life. This ensures that no ground or water pollution would 
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occur if an accident such as a spill were to occur (Beattie, 2005). The main drawback of petroleum 
ether is that it costs almost double the price of hexane per ton. This excessive price increase makes 
the advantages of petroleum ether insignificant as compared to its financial drawbacks. 
2.4.3) DIETHYL ETHER 
 
Diethyl ether is a clear colourless liquid with a distinct sweet ethereal odour (PubChem, 2015). Like 
petroleum ether, it is able to be directly substituted with hexane in current solvent extraction 
processes with little or no modification to the system design. Diethyl ether, unlike hexane, is non-
toxic to humans and only has minor exposure side effects such as nausea, vomiting, headache and 
loss of consciousness. Like hexane and petroleum ether, diethyl ether is extremely flammable in 
both its liquid and vapour states. Diethyl ether vapour is denser than air which can lead to vapour 
travelling long distances along the ground and potentially meeting an ignition source in the event of 
a leak. This possibility of remote ignition makes diethyl ether an extremely hazardous substance in 
the event of an accident (Purdue Science: Department of Chemistry, 2011). Diethyl ether is also 
vulnerable to static discharges developed through transportation. If a static discharge occurs, this 
could cause ignition of the material. Ether is extremely reactive when exposed to air and light where 
it forms explosive peroxide compounds (ScienceLab.com, 2011). It is clear that this compound is 
highly reactive and that it would require substantial safety measures to ensure that ignition does not 
occur. These safety issues severely outweigh the lack of toxicity to humans as the possibility of a 
large scale explosion is very high. 
2.4.4) CHLOROFORM 
 
Chloroform is a dense, colourless liquid with a sweet smelling ethereal odour (Rossberg, 2006). It is 
currently used as a solvent in the areas of lipid extraction, wax extraction and several other 
extraction fields (CICAD, 2004). It is a non-flammable, non-explosive and non-oxidizing compound 
(Solvay Sustainable, 2011). The vapour is denser than air and causes evacuation of air where it is 
present. This causes it to be an asphyxiate to low lying animal life and small children (PubChem, 
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2015). Inhalation of chloroform can cause moderate to high levels of central nervous system 
depression as well as anaesthetic effects. It can be harmful if swallowed and is suspected of being a 
carcinogenic substance to humans (ScienceLab.com, 2011). Chloroform can be viewed as one of the 
better substitutes for hexane in extraction processes. Its lack of flammability and reactivity make it a 
safe compound in terms of fire and explosions risks. However, its potentially carcinogenic nature 
makes it dangerous if an exposure were to occur. 
2.4.5) DIMETHYL ETHER AS AN ALTERNATIVE SOLVENT 
 
Dimethyl Ether (DME) otherwise known as methoxymethane is a colourless gas with a faint ethereal 
odour. Under standard conditions it exists as a gas but with modest compression and cooling it can 
be condensed into liquid form (PubChem, 2015). DME is currently used as a benign aerosol 
propellant and in recent years its use as a clean burning alternative to liquefied petroleum gas (LPG) 
has been researched extensively (International DME Association, 2015). In more recent times 
however its use as a solvent in several key industrial processes has been investigated. DME’s first use 
as a solvent was in the large scale dewatering of coal. Due to DME’s polar properties it was able to 
achieve a maximum extraction efficiency of 98.3%, much higher than that of the current hexane 
extraction process. It also significantly reduced the amount of energy required in the extraction 
process (Kanda, 2010). The use of DME as a solvent medium for lipids in waste food products is an 
extremely promising up and coming area of research. There are several advantages to using DME in 
place of traditional lipid extraction solvents such as hexane. DME (as opposed to hexane) does not 
pose any threat to the environment and is non-toxic to humans. Whilst being flammable and 
classified as an irritant, this is no different to other solvents and these situations are easily controlled 
through proper process design (PubChem, 2015). Another advantage is DME’s high volatility. This 
property can be exploited when the separation of DME and oil is required. Unlike hexane extraction 
where heat is required to vaporise the hexane from the mixture, DME simply needs to be exposed to 
atmospheric conditions. Although this process still requires energy, this energy can be provided at 
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very low temperatures. This vaporisation process can be used as a source of refrigeration (Kanda, 
2010). It has been found that hexane (depending on concentration) has typical oil yields of between 
10% and 12% with experimental times of between 50 and 90 minutes, compared with DME which 
presented oil yields of between 14% and 15 % with experimental times of 1 hour (Sands, 2014). 
These are significantly higher than that of the hexane extraction yields. The key advantages of DME 
are that it can handle wet feedstock’s (feedstock’s with high moisture content) without the 
requirement of drying as found in hexane extraction, high oil extraction yields when compared to 
other commonly used solvents and the ability to produce ‘by-product’ refrigeration. 
2.5) CONCLUSION 
 
It is clear that solvent extraction with DME as the solvent holds up against the other common 
extraction methods. Coffee grounds also show strong signs of being a good source of high quality 
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CHAPTER 3 - SYSTEM MODELLING IN ASPEN PLUS V8.6 
This section will discuss the methods used to develop a working model of the oil extraction process 
using software developed by Aspen. This section will also outline the details of the flow sheet design, 
operating parameters, extractor models derived using Aspen-Excel integration, sensitivity analysis 
and assumptions made throughout the model derivation process.  The derived model was the crux 
of the entire project and was used not only for simulation of process outcomes, but also used for the 
operational costing analysis and economic sensibility studies.  
3.1) FLOW SHEET DESIGN 
 
The first phase of this project involved establishing a basic flow sheet in Aspen plus V8.6. This flow 
sheet became the basis of all further work within this project. The flow sheet went through several 
stages of design until the final model was derived. The final model consists of several elements that 
include compressors, pumps, heat exchangers, flash drums and extractor vessels. The compressors, 
pumps, heat exchangers and flash drums were all modelled using the available models in the Aspen 
plus database. The extractor model was defined by a custom model which was produced in Excel 
and then used in Aspen Plus using the Aspen-Excel integration tool. For now it shall be assumed that 
the extractor model required was available in the database as more information on the derivation of 
the extractor model will become available in further sections. The final flow sheet design can be 
seen in Figure 1.  
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The streams of primary concern are the three inlet streams and three outlet streams of the process. 
These are the DME inlet stream, coffee ground inlet stream and the analysis input stream. For now 
the analysis input stream will be ignored, as this is explained in further sections within this document 
and does not play a pivotal role at this point. The other streams of concern are the three outlet 
streams of the process. These are the DME recycle outlet stream, Solids+DME outlet stream and the 
oil outlet stream. These are the streams that will be used in later stages of the project to determine 
economic viability of the process. 
3.2) OPERATING CONDITIONS 
 
To accurately represent a physical process in simulation, appropriate operating conditions must be 
applied to ensure that what is being simulated is an accurate representation of what would occur in 
the natural world. The operating conditions that were used within this project were all derived from 
physical experiments undertaken in previous works and/or from published journal articles.  
3.2.1) SIMULATION COMPONENTS 
 
The first major decision in the project was to determine which components from the Aspen plus 
database would be used to accurately represent the physical process. DME was found relatively 
easily in the Aspen plus database and hence the inbuilt model was used. No additional information 
was required for DME since all of the information that describes its physical state is available in the 
database. This however, is not true of coffee grounds. Since coffee grounds are a mixture of complex 
hydrocarbons, antioxidants and minerals it was found to be impractical to simulate the exact 
contents of coffee grounds. It was therefore decided that a component should be found that would 
accurately simulate how the coffee oil would react in this process. After thorough research it was 
found that the main constituent of coffee oil was triolein. Triolein exhibits very similar properties to 
all of the other lipids that are found within the oil. This made it a practical and effective choice for 
the simulation. Triolein was available within the Aspen plus database but there were a few missing 
parameters within the description. The major problem was that there was no vapour pressure 
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information for triolein available. It was therefore decided that since the process that was being 
designed would not reach such a high pressure, it would not affect the process and hence it could be 
ignored within the simulation.  
3.2.2) ASPEN PLUS THERMODYNAMIC MODEL 
 
Within Aspen plus, it is required that a solving method be chosen to allow the simulation to take 
place. The accuracy of the simulation results rely heavily on the solving method that is being used. 
The solving method that should be chosen is dependent on the components that are being used 
within the simulation, as well as the operating conditions of the simulation. There is a model 
selection wizard built into the Aspen plus interface which determines which models should be used 
based on the components and operational conditions used. After using this wizard it was 
determined that the NRTL (non-random two-liquid) solver method should be used. The NRTL 
method is an activity coefficient model which operates by correlating activity coefficients (factors 
used in thermodynamics to account for derivations from ideal behaviour in a mixture of chemical 
substances (IUPAC, 1997)), with a compounds mole fraction in the concerned liquid phase. The 
method is based on Wilson’s hypothesis that the concentration local to a molecule differs from the 
bulk concentration of the mixture (McDermott, 1977). This model was selected because the 
simulation deals with organic acids and ethers which cannot be accurately simulated using the ideal 
property methods built into Aspen. It was determined that the NRTL method was better suited to 
give more accurate results. As time was limited no other methods were trialed. 
3.2.3) COMPRESSOR AND PUMP MODELS 
 
Aspen plus houses several different models for compressor and pump simulation that must be 
considered when creating an accurate representation of physical processes. The models that are to 
be used should actively reflect the behaviour that is expected from the physical system.  The 
compressors within the simulation were chosen to follow the isentropic model. The isentropic model 
is an idealised thermodynamic process in which the process is entirely adiabatic. This means that 
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energy is only transferred as work and no energy is lost to the surrounding atmosphere (Bailyn, 
1994). The idealistic model provides a strong basis of comparison for real life processes (Cengel & 
Boles, 2015). This model was chosen over other models to ensure that the simulation remained as 
“idealistic” as possible. The efficiency was left as 100% for initial testing but was altered in later 
stages of testing to analyse the effects on energy consumption. The pump models were left as the 
standard models in Aspen. No data was supplied to the pumps to change the internal model in any 
way. The efficiency was left at 100% and the suction head parameters were left unchanged. This was 
again to ensure that the simulation was as idealistic as possible. 
3.2.4) EXTRACTOR MODEL USING ASPEN-EXCEL INTEGRATION 
 
The extractor unit is the element within the system which contains the solvent extraction process. A 
process model was not available for the extractor directly within the Aspen plus database due to the 
empirical nature of the model. There are two possible methods for approaching this. The first 
method involves the use of Aspen Custom Modeler to create a model based on mathematical 
equations. This model can then be imported into the Aspen plus database. The second method 
involved using the data link between Microsoft Excel and Aspen Plus to create a model within an 
Excel spread sheet with two way communication between the two files. The latter option was 
chosen because of the simplicity of the Excel design and the complexity of learning ACM.  
The model itself was developed in the supplied Excel template. This template was found in the 
Aspen Plus Files. This template facilitated the two way communication between Excel and Aspen 
Plus. It was used to read data from the Aspen plus simulation and then send information back to the 
simulation. The link between the two programs is opened and maintained by a FORTRAN script. This 
script allows data to flow between Aspen Plus and Excel. The spread sheet model that was 
developed is shown in Figure 2. 
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The data that was received from Aspen plus (top left quadrant of Figure 2), had to be converted to 
ensure that it was in the same format as the data that was used in Aspen Plus itself. Whilst this was 
not necessary for the simulation to function correctly, the conversion was done so that the data 
could be more easily understood in units that are familiar to the user. These converted values can be 
seen in the bottom left quadrant of Figure 2. 
The model (displayed in the right half of Figure 2) was a simple merge and split model. This model 
takes the two input streams and merges them together. This merged data is then sent through a 
ratio split system which splits the merged data into two streams. The first stream is defined as 
Split_1. This stream contains a mixture of oil and DME. The second stream is defined as Split_2. This 
stream contains a mixture of DME and left over coffee grounds. The ratio was defined through the 
analysis of experimental data. The main variable in the derived model was the solubility coefficient 
of DME. This value represents the amount of oil that can be dissolved into a specified amount of 
DME.  
FIGURE 2: EXCEL EXTRACTOR MODEL FOR USE IN ASPEN PLUS SIMULATION. 
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Once all of the model parameters such as flow, pressure, temperature and composition had been 
calculated, the data was then parsed back to Aspen Plus so that the rest of the simulation could be 
completed.  
3.2.4) PROCESS CONDITIONS 
 
 Aspen plus requires that all operating parameters of inlet streams and unit operations be specified. 
The inlet stream parameters are used to determine the input conditions of the components such as 
physical state, density, temperature and pressure while the unit operation parameters are used to 
calculate the change of component parameters as the components progress through the system. 
Before the inlet streams enter the unit operations, it is assumed that the components are being held 
at atmospheric temperature and pressure. This insinuates that DME resides in its vapour state 
before it enters the system. It is also a requirement that a basis of calculation be established. The 
basis of calculation for this particular design is a production rate of 500 Kg/hr. of oil at the outlet 
stream. From here several other key parameters can be estimated.  
If spent coffee grounds are assumed to contain 15% by mass of oil, then it is necessary that 3333 
Kg/hr of spent coffee grounds be supplied to the system. The DME inlet flow rate is dependent on 
the solubility coefficient for DME. As a basis of calculation, it was assumed that the solubility 
coefficient would be set at 20%. This indicates that 2500 Kg/hr of DME is required to dissolve the 
500 Kg/hr of oil from the spent coffee grounds. These form the inlet stream conditions of the 
process. These conditions are displayed in Table 1 below. 
 
Inlet Stream State Temperature(◦C) Pressure (Bar) Flow rate (Kg/hr.) 
Coffee Grounds Solid 25 1.013 3333 
DME Vapour 25 1.013 2500 
 
The phase change of DME from vapour to liquid is the first sub-process within the system. This 
change of phase is induced through the implementation of compression and condensation of the 
DME vapour. The compressor first pressurises the DME vapour from atmospheric pressure to a 
TABLE 1: INLET STREAM CONDITIONS FOR ASPEN PLUS SIMULATION. 
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pressure of 6 Bar. The condensing temperature of DME at 6 Bar is 25 degrees Celsius. The 
condenser reduces the temperature of DME to 25 degrees Celsius to induce this phase change. 
DME is then compressed again using a pump to 10 Bar. This is done to account for any variation 
in temperature.  
The compression of the coffee grounds from atmospheric conditions to 10 Bar (in the simulation) is 
induced through a pump model. This was the easiest method to simulate this pressure change. In 
reality the use of a pump to compress solids is not practical and this shall be discussed later.  
Once the DME and coffee grounds are compressed to the same pressure they are introduced into 
the extraction vessel. This vessel operates at 10 Bar and 25 degrees Celsius. The streams are then 
split into the two fractions. The waste product is left for further processing outside of this process. 
The oil and DME mixture is moved into the flash unit. This flash unit reduces the pressure of the 
mixture from 10 Bar to 1.013 Bar in order to vaporise DME. All of the unit operation parameters can 
be seen below in Table 2. For naming conventions please refer to Figure 1 in section 4.1. 
 
Inlet Stream State Temperature(◦C) Pressure (Bar) Flow rate (Kg/hr.) 
CMP-01 Vapour - 6.0 2500 
HE-01 Liquid 25 6.0 2500 
PUMP-01 Solids 25 10.0 3333 
PUMP-02 Liquid 25 10.0 2500 
REACTOR Solid/Liquid 25 10.0 - 










TABLE 2: UNIT OPERATION PARAMETERS FOR ASPEN PLUS SIMULATION. 
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3.3) SENSITIVITY ANALYSIS 
 
Sensitivity analysis is a technique used to determine how the uncertainty in the output of a 
mathematically derived system will behave when subjected to inputs with uncertainty. The analysis 
was performed on this system to test how the process would react to increasing values of solubility. 
The main outcome of this analysis is a further understanding of the system and its optimal operating 
points. In this particular process the sensitivity analysis was undertaken to determine the minimum 
value of solubility to ensure that the process was both physically and economically feasible.  
The analysis itself was conducted by manipulating the value of solubility which in turn affected the 
amount of DME that was required in the system. This change in DME flow rate had noticeable 
effects on all process outcomes. The data that was collected from the analysis was then plotted. This 
provided a visual aid to determine the optimal process conditions. The main process variables that 
were of major interest were: 
- The amount of DME in the recycle stream, 
- The amount of waste DME in the solids stream, 
- The amount of oil produced, 
- The amount of cooling produced in the flash process, 
- The power consumed by the compressors and pumps, 
- The amount of energy required by the condenser, 
- The temperature coming out of the compressor. 
The sensitivity analysis was conducted using the analysis tool built into the Aspen Plus interface. The 
main issue with using this tool was that this tool is only able to manipulate variables directly located 
in the Aspen Plus simulation. The variable that needed to be altered was located within the excel 
model. This issue was overcome by introducing a “dummy stream” into the system. This was labelled 
the analysis stream. This stream was used to parse the values of 1-40 to represent the solubility. 
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CHAPTER 4 - ECONOMIC ANALYSIS  
This section will outline the methodology used to perform the economic analysis on the final plant 
design. This will include an operational cost analysis and a capital cost estimate. The final conclusion 
on economic viability will be delivered in the results section further on in this document. 
4.1) CAPITAL COST ESTIMATE 
 
The capital cost estimate was heavily derived from the process that was designed based upon the 
Aspen plus simulation (Process design detailed later in document). This analysis involved sizing and 
costing all of the process equipment within the plant as well as deriving prices for manufacturing of 
items such as tanks and heat exchangers. The factorial method of cost estimation (outlined in 
(Sinnott, 2013)) was used to determine the capital cost estimate of the plant. This method of cost 
estimation is often attributed to Lang (1948). The fixed capital cost of the project can be derived 
from the function given in equation 1. 
𝐶ℱ = ℱ𝐿𝐶𝜀 
EQUATION 1: FIXED CAPITAL COST FUNCTION (SINNOTT, 2013). 
 
where 𝐶ℱ = Fixed Capital Cost, 
ℱ𝐿= The “Lang Factor” =3.6 for Mixed Fluids-Solids Processing Plants, 
𝐶𝜀= Total Delivered Cost of all Major Equipment. 
 
The values that are derived from this function are to be used as a very rough guide to the capital 
cost of the plant. This equation is used to make a quick estimate of capital cost in the early stages of 
design. Since only preliminary flow sheets and process designs have been completed this is the best 
option for estimating the cost. 
It is a requirement for Equation 1 that the total delivered cost of all major equipment be calculated. 
This has been done using several different methods. The first method was outlined in (Sinnott, 2013) 
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by using derived cost factors. These factors can then be substituted into Equation 2 to determine an 
estimated cost of the equipment.  
𝐶𝜀 = 𝐶𝑆
𝑛 
EQUATION 2: PURCHASED EQUIPMENT COST (USD) (SINNOTT, 2013). 
 
where 𝐶𝜀= Purchased Equipment Cost (USD), 
 𝐶= Derived Cost Constant, 
 𝑆= Characteristic Size Parameter, 
 𝑁= Index for Selected Equipment. 
The second method was used when the equipment parameters were not available to substitute into 
Equation 2. This secondary method involved searching brochures, web sites and technical 
documents to find prices for selected components. Both of these methods should be assumed to be 
a basis of calculation and should not be assumed to be 100% correct. The calculated values of capital 
cost should be used with a plus/minus 30% error margin.  
The final task when performing this cost estimate is to convert the values calculated into current 
Australian dollars. Since much of the costing data found was derived from data that is several years 
old, it is necessary to perform a conversion on this to update this data to more modern values. This 
is necessary to account for inflation and price changes over time. This can be accomplished using 
Equation 3: 
𝐶𝑜𝑠𝑡 𝑖𝑛 𝑌𝑒𝑎𝑟 𝐴 = 𝐶𝑜𝑠𝑡 𝑖𝑛 𝑌𝑒𝑎𝑟 𝐵 ×
𝐶𝑜𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 𝑖𝑛 𝑌𝑒𝑎𝑟 𝐴
𝐶𝑜𝑠𝑡 𝐼𝑛𝑑𝑒𝑥 𝑖𝑛 𝑌𝑒𝑎𝑟 𝐵
 
EQUATION 3: COST ACCOUNTING INFLATION AND PRICE CHANGES (SINNOTT, 2013) 
 
This method uses the CESPI (chemical engineering plant cost index) to determine the 
appreciation/depreciation of price for chemical plant equipment, as well as the inflation and 
deflation of the economy. Once this has been completed then a reasonable capital cost estimate for 
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the early stages of design will be achieved. This will indicate if the plant will be economically viable 
to build when compared to the operating costs and profits achieved from the plant.  
4.2) PRODUCTION COST ANALYSIS  
 
The production cost analysis is a complicated variable to calculate at such an early stage of planning 
and development. The production cost relies heavily on the capital cost of the plant, as well as the 
cost of the utilities and materials used within the process. The production cost analysis was 
conducted according to the methods outlined in (Sinnott, 2013). Figure 3 below shows the summary 
of production costs. The cost of materials and utilities was calculated using the values simulated in 
the Aspen plus simulation. Once the simulations were complete, the data was analysed in Excel and 
appropriate costs were derived. The production cost analysis was repeated for several different 






















































DME Required and Waste Vs Solubility (%) 
DME Required
DME Waste
CHAPTER 5 - SIMULATION RESULTS 
This section analyses the results that were collected from the Aspen plus simulation and interprets 
them to give the reader an understanding of how the process reacted and how the simulation 
results affect the outcome of the project. This section will also detail the results that were collected 
from the sensitivity analysis. This section does not deal with the economic outcomes of the project 
as this shall be discussed in the next chapter. This section is only for the conceptualisation of the 
simulated information. 
5.1) DIMETHYL ETHER USAGE 
 
The amount of DME required within the system was found to be inversely proportional to the value 
of solubility. As the value of solubility increased, the amount of DME required in the system 
decreased. This trend is clearly present in all of the results from the sensitivity analysis. This shows 
that the main driver of this behaviour is the DME flow rate. It was found that the largest decrease in 
DME usage occurred within the solubility ranges of 5% and 20%. After this point it was found that 
the change in DME requirement was minimal. It was also found that an increase in the value of 
solubility attributed to a decrease in DME wastage through the solids output stream. These trends 
can be seen in Figure 4. 
FIGURE 3: REQUIRED/WASTE DME VS. SOLUBILITY. 
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5.2) POWER CONSUMPTION 
 
It was found that the pump consumed significantly less power compared to the compressor; 
however it was still included in the analysis to make the data as accurate as possible. As the value of 
solubility increased, the amount of DME required in the system decreased. This lead to a decrease in 
the amount of material that required compression, hence less energy was required. This shows that 
the increase in solubility does not have a direct effect on the power consumption; however it 
influences the power consumption based on the change in mass flow rate of DME in the system. The 
relationship between consumed power and solubility for both the compressor and the pump can be 
seen in Figure 5. 
 





















































Compressor and Pump Power Vs Solubility (%) 
Compressor Power
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5.3) CONDENSER RESULTS 
 
The results that were obtained for the condenser were used to establish several important 
specifications for the condenser itself. Within the simulation, only the heat duty required by the 
condenser was calculated. This information was then used to determine specifications such as 
- The amount of energy removal required, 
- The amount of water required to facilitate this heat removal, 
- The heat transfer area of the condenser, 
- The response of the condenser unit to different values of solubility. 
It was found that as the value of solubility increased, a reduction in amount of energy to be 
extracted was observed. This is due to the decreasing DME flow rate attributed to the increase in 
solubility. This reduction in required energy removal decreases the amount of water required within 
the unit, as well as decreasing the physical size of the unit (heat transfer area). The water flow rate 
and heat transfer area play a major role in the economics of the plant which will be examined in the 
economic analysis results section. The heat transfer area and water flow rate were calculated using 










EQUATION 5: EQUATION TO CALCULATE MASS FLOW RATE OF WATER FOR CONDENSER. 
Where  A= Heat Transfer Area (M^2) 
M= Mass Flow rate (Kg/hr) 
 Q= Energy (KJ/Hour) 
 U= Heat Transfer Coefficient (W/m oC) 
 C= Specific Heat Capacity (KJ / kg °C) 
 T= Temperature (°C) 
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The DME vapour that enters the compressor was calculated to be at a temperature of 95 degrees 
Celsius. For condensation to occur the vapour must be cooled to 25 degrees Celsius. This represents 
a change in temperature ∆𝑇 of 70 degrees Celsius. A heat transfer coefficient of 550 was used as this 
accurately represented the conductive heat transfer rate of energy from an organic substance to 
water (Engineers Edge , 2015). A specific heat capacity of 4.18 kilojoules per kilogram per degree 
Celsius was used for the coolant water. 
Table 3 below shows the amount of energy that needs to be removed from the DME in order for it to 
condense into a liquid for different solubility levels, as well as the corresponding water flow rates 
and heat transfer area calculated using Equation 4 and Equation 5. Figure 5 below displays the 
water flow and heat transfer area against solubility graphically. 
TABLE 3: CONDENSER PARAMETERS FOR VARYING SOLUBILITY VALUES. 
Solubility (%) Energy (KJ/Hr.) Water Flow (Kg/hr.) Area (m2) 
5 5002970 17098 129 
10 2493680 8522 64 
15 1660110 5673 43 
20 1243870 4251 32 
25 994290 3398 25 
30 827976 2829 21 
 
 




















































Water Flow and HT Area Vs Solubility (%) 
Water Flow (Kg/Hr)
Area (M)
Adam Gioffri Engineering Honours Thesis ENG470 
 37 
5.4) FLASH TANK ENERGY 
 
The results that were obtained for the flash unit were used to establish several important 
specifications for the flash unit itself. Within the simulation, only the heat duty absorbed by the flash 
vessel was calculated. This information was then used to determine specifications such as 
- The amount of energy absorbed by the DME, 
- The amount of hot fluid required to provide this energy, 
- The heat transfer area of the flash unit, 
- The response of the flash unit to different values of solubility. 
It was found that as the value of solubility increased, the amount of energy that is required to 
facilitate the phase change of DME is reduced. This results in a decrease in the amount of water that 
can be cooled by the unit, as well as the physical size of the unit (heat transfer area). The water flow 
rate and heat transfer area play a major role in the economics of the plant which will be examined in 
the economic analysis results section.  
Table 4 shows the amount of energy that is required by the flash unit for different solubility levels, 
as well as the corresponding water flow rates and heat transfer area calculated using Equation 4 
and Equation 5 shown in section 5.3 above. Figure 6 on the following page displays the water flow 
and heat transfer area against solubility graphically. 
TABLE 4: FLASH UNIT PARAMETERS FOR VARYING SOLUBILITY VALUES. 
Solubility (%) Energy (KJ/Hr.) Water Flow (Kg/hr.) Area (m2) 
5 3957600 13525 102 
10 1972630 6741 51 
15 1313230 4488 34 
20 983961 3362 25 
25 786533 2688 20 
30 654971 2238 17 
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CHAPTER 6 - ECONOMIC ANALYSIS RESULTS 
This section details the economic results that were derived from the methods explained in section 5. 
It details the results derived for both the capital cost estimate and the production cost estimate and 
concludes the details through a profit analysis. This section is intended to assess the economic 
viability of this project by observing and interpreting the data that has been derived. The economic 
analysis is very important in regards to this project as it is the main metric to be considered when 
determining the feasibility of this project to move to the next stages of development.  
6.1) CAPITAL COST ESTIMATE RESULTS 
 
The capital cost estimate provided the information to determine the starting capital of the project; 
in short it determined how much investment is needed to ensure that the plant could be built. This 
was later used, along with the operating costs to determine the profit and thus the economic 
viability of the project. Table 5 shows the deliverable costs of all of the critical plant equipment, as 
well as the final fixed capital cost for the plant. All of the estimates made in Table 5 considered a 
solubility value of 20%. This estimate will have to be reconsidered once the exact value of solubility 
is known so that appropriately sized equipment can be designed and implemented. 
Item Quantity Price (Per Unit) Net Price 
Condenser 1 $10,628.83 $10,628.83 
DME Pump 1 $1,881.06 $1,881.06 
DME Compressor  1 $107,313.65 $107,313.65 
Eductor Feed Tank 1 $19,513.07 $19,513.07 
Eductor (Feed) 1 $1,000.00 $1,000.00 
Double Dump Valve  1 $20,000.00 $20,000.00 
Pressure Leaf Filter 1 $20,000.00 $20,000.00 
Reactor Vessel  1 $85,146.86 $85,146.86 
Mixing Eductors  3 $100.00 $300.00 
Settling Tank 1 $24,285.28 $24,285.28 
Flash Tank 1 $85,146.86 $85,146.86 
Oil Pump 1 $828.00 $828.00 
Valves Estimate  6 $1,000.00 $6,000.00 
Oil Storage Tanks  3 $18,878.27 $56,634.81 
 Total Deliverable Price:    $438,678.42 
 Fixed Capital Cost:    $1,579,242.34 
TABLE 5: CAPITAL COST ESTIMATION DATA TABLE. 
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The derived capital cost estimate came to a total of AUD $1.58 million. This costing estimate is 
considered to be an early estimate (meaning that the costing was conducted before major details 
about the plant were known). Due to the fact that this estimate is in the early stages of 
development, it cannot be considered 100% accurate. To account for the potential deviations from 
the derived fixed capital cost due to early estimation, a range of 30% has been applied to the derived 
cost. This means that the price estimation range can be anywhere between AUD $1.1 million to AUD 
$2.05 million. This range also encompasses the difference in capital cost when different values of 
solubility are taken into account. It was seen observed in chapter five that as the solubility value 
changes; the size of the equipment that is required also changes. That is to say, as the solubility 
value increases, the size of several process elements decreases, thus decreasing the manufacturing 
costs. The opposite is also true, that is as the solubility value decreases, the size of many key process 
elements increased and so too did the manufacturing costs.  
6.2) PRODUCTION COST ANALYSIS RESULTS  
 
The analysis of the production cost provided the information to determine the day to day costs of 
plant operation, and to determine the final cost to manufacture the product. The estimation 
included key variables such as cost of raw materials, cost of utilities, cost of labour, overheads and 
capital charges. The data in this section was derived using the methods outlined in section 5. Table 6 
below outlines the major costs involved in the production of coffee oil from spent coffee grounds. 
Table 6 also shows the estimated cost of production per kilogram of product (this is provided as AUD 
per kilogram). As with the capital cost estimate a solubility value of 20% was used when deriving the 
costing estimate. It was also assumed in this exercise that the coffee grounds were supplied free of 
charge. The effects of coffee purchase price will be discussed in the following section. This estimate 
assumes a working year of 8760 hours at a production rate of 500 Kg/hr of oil. When the solubility 
information becomes available, the estimation should be performed again to ensure a more 
accurate result. The information derived in this section is heavily reliant on the capital cost estimate 
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as this is used to estimate several key parameters. The table and its contents should be used as a 
guide and not assumed to be a definitive cost of production. Further analysis is required at a later 
stage of the project to finalise a more accurate production cost. 
TABLE 6: PRODUCTION COST ANALYSIS DATA TABLE. 
Variable Costs 
Raw Materials  $212,762 
Utilities  $147,262 
Sub-Total A $360,025 
Fixed Costs  
Maintenance  $78,962 
Operating Labour  $160,000 
Laboratory Costs $32,000 
Supervision $32,000 
Plant Overheads $80,000 
Capital Charges  $157,924 
Insurance  $15,792 
Local Taxes $31,584 
Royalties $15,792 
Sub-Total B $604,056 
Assorted Costs 
Sales Expense $289,906 
General Overheads $289,906 
Research and Development $289,906 
Sub-Total C $869,718 
Final Costs 
Total Yearly Expense $1,833,799 
Production Cost  $0.42/Kg 
 
6.3) PROFIT ANALYSIS 
 
The profit analysis was conducted to determine whether the designed system would be profitable or 
if it would cause an economic loss to the company. It was found that under certain circumstances 
the overall profit would be negative and would therefore cause economic degradation to the 
company. However, it was found that under expected system conditions and product sales prices 
that the system would result in a net economic gain for the company. Considering a sale rate of 
$0.80 AUD per kilogram for the coffee oil product, as compared to a production cost of $0.42 AUD 
per kilogram (considering DME solubility of 20% and spent coffee ground purchase price of $0.00 
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AUD per kilogram), it can be seen that there is a $0.38 AUD per kilogram potential profit. This 
represents almost a 100% return on the product. However, this profit only considers the sale price of 
the coffee oil product. For the final profit calculation, the sales figures for the left over coffee 
grounds and refrigeration must be taken into account. After the oil has been produced, the plant 
generates approximately 2800 kilograms per hour of coffee ground waste. This equates to 
approximately 24.8 million kilograms per year. At a selling price of $150 AUD per ton, this can 
generate revenue of roughly $3.7 million AUD per annum. This increases the sales rate from $0.80 
AUD per kilogram to $1.65 AUD per kilogram. This equates to a net total profit of $5.4 million AUD 
per annum. The last product component that needs to be considered is the refrigeration that is 
generated within the flash module. The energy consumed in this process unit is upwards of 
2,430,724 Kwh per annum. If the energy deficit is sold for $0.07 per Kwh this would result in a rough 
net income of $170,147 AUD per annum. With the addition of the refrigeration into the sales price, 
the sales rate of the oil increases to $1.69 AUD per kilogram. At this increased sales rate, the plant 
can expect and estimated income of $5.56 million AUD per year. The results above all consider a 
specific set of criteria. Table 7 and Figure 7 below shows the projected profits with different values 
of solubility and purchase price of the spent coffee grounds. 
TABLE 7: PROFIT MARGIN DATA TABLE. 
 Coffee Purchase Price (AUD/Kg) 
Solubility $0.00 $0.02 $0.05 $0.08 $0.10 $0.15 
5 $5,037,375 $4,453,434 $3,577,521 $2,847,594 $2,117,667 $657,813 
10 $5,387,775 $4,803,834 $3,927,921 $3,197,994 $2,468,067 $1,008,213 
15 $5,506,911 $4,922,970 $4,047,057 $3,317,130 $2,587,203 $1,127,349 
20 $5,562,975 $4,979,034 $4,103,121 $3,373,194 $2,643,267 $1,183,413 
25 $5,598,015 $5,014,074 $4,138,161 $3,408,234 $2,678,307 $1,218,453 
30 $5,621,492 $5,037,550 $4,161,638 $3,431,711 $2,701,784 $1,241,930 
 
The increasing profit with increasing solubility values can be attributed to the amount of DME being 
consumed within the system. When the solubility value increases, less DME is used within the 
system, hence resulting in a lower production cost and a higher profit margin. It can also be seen 
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that with increasing purchase prices of spent coffee grounds, the lower the profit margin. If the 
purchase price of the spent coffee grounds increases any more than $0.15 AUD per kilogram, the 
company runs the risk of losing money with plant operation. The final profit can only be determined 
once the value of solubility has been definitively proven. Once this value is acquired then Table 7 can 
be used to determine the approximate profit of the process. 
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CHAPTER 7 - PROCESS DESIGN 
This section details the designs for the process that were taken into account, as well as the 
components that were selected. The pros and cons of several different design options are 
considered within the design. The aim of this section is to demonstrate why the process has been 
designed the way that it has, and to give the reader a clearer understanding on how the process has 
been designed and how it works. 
 7.1) PROCESS DESIGN GUIDELINES 
 
The final design of the process was produced using several guidelines to ensure that the plant would 
operate as specified. The main guidelines that were provided at the initiation of the project were 
- Design a system that is able to produce a minimum of 500 kilograms per hour of oil from 
spent coffee grounds. 
- Design a system capable of using DME as a solvent in the solvent extraction process. 
- Design a continuous system to accomplish the first two items. 
- Design a system with as few moving parts as possible for easier maintenance. 
- Design a safe and environmentally sustainable system whilst remaining economically viable. 
These guidelines would set the scope for the project and the final process design. The following 
sections will detail and review the vast range of potential equipment options to be considered in the 
design. These design options will try and solve the following issues 
- The pressurisation of materials (both solids and vapours). 
- Condensing of vapour to liquid for solvent use. 
- Tank agitation in high pressure situations. 
- Energy recovery from flash modules for refrigeration purposes. 
-  
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7.2) SOLIDS PRESSURISATION 
 
The process that is to be developed relies heavily on the materials contained within the system 
being pressurised. The main purpose of this research was to find a technology that would result in 
low energy cost whilst achieving appropriate levels of compression for the solid components of the 
system. 
Due to the coarse/rough structure of the solids, compression of these substances can be an 
extremely difficult task due to the damage that can be done to pumps, valves and pipes. The 
structure of coffee grounds makes it a coarse substance that is difficult to manage if proper 
equipment and methods are not used.  The use of pumps for the purpose of solids conveying was 
therefore excluded from the document. Instead the use of double dump valves was considered for 
solids conveying purposes. Double dump valves are a technology that has been in use within 
industrial applications for several years now. They are devices that essentially create isolation 
between exterior atmospheric conditions and the internal process conditions. The device takes the 
form of two separate chambers that are separated by independently operated valves. The first valve 
opens and allows solids to travel into the first chamber from atmospheric conditions. The first valve 
is then closed and once this action is completed the second valve is opened and the solids are 
delivered to the second chamber where they are exposed to the conditions of the internal process. 
Once the solids are exposed to the process conditions equilibrium is reached and the solids are able 
to flow through the process at the same conditions as other elements within the process. These 
devices, if not properly controlled, can cause large surges in the inlet flow rate of solids. However if 
these devices are configured and controlled properly they can be designed to operate with 
extremely minimal surging in the system. This is preferred as the system that is to be designed is of a 
continuous nature. 
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7.3) DIMETHYL ETHER PRESSURISATION 
 
The compression of DME in this process is essential as under standard conditions DME is in its 
gaseous state. For the use of DME as a solvent it must be compressed and cooled so that it can be 
forced into its liquid state. The two main technologies employed to facilitate this phase change are 
compressors and condensers. These technologies must be combined in unison as to facilitate the 
vapour-liquid phase change. These technologies shall be discussed in the following sections. 
There are two main forms of gas compressors; these are the positive displacement compressor 
design and the dynamic compressor design. These methods work in very different ways to achieve 
the same outcome, that outcome being a rise in pressure of an inlet gas (5th Utility, 2015). In the 
context of this project it is required that the DME be compressed such that it can be converted from 
its vapour phase to its liquid phase. These two categories of compressors will be discussed below, as 
well as giving several examples of both positive displacement and dynamic compressor designs. 
Positive displacement compressors apply the theory of volume reduction to force a gas to physically 
occupy smaller regions of space until the desired pressure is achieved. Once the desired pressure is 
achieved the gas is allowed to enter the process where it reaches equilibrium with the rest of the 
system (5th Utility, 2015). There are several different positive displacement compressor designs that 
are currently available for industrial applications. These are the reciprocating piston compressor and 
the rotary screw compressor.  
Dynamic compressors can be described as any device which uses rotating vanes or impellers to 
impart velocity and pressure to a fluid (Farlex). There are two main designs when considering 
dynamic compression. These are the axial compressor and the centrifugal compressor. All of the 
aforementioned compressor designs shall be discussed in the relevant sections below. 
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7.3.1) RECIPROCATING PISTON COMPRESSOR 
 
The single acting reciprocating compressor is a widely used compression technique that is ideal for 
applications that require a robust and simple design. In a single acting piston compressor a piston is 
used to draw in the uncompressed gas through an inlet valve (piston is fully open). The piston is then 
closed so that the volume of the chamber decreases. This decrease in volume forces the gas to 
occupy a smaller area and therefore increase the pressure. Once the desired pressure is achieved 
the outlet valve is opened and the process is repeated. These pumps are of extremely simplistic 
design and are relatively inexpensive to purchase (5th Utility, 2015). There are however several 
drawbacks that make this form of compressor undesirable for this process. Due to the batch process 
nature of the compressor, surging can be seen within the inlet gas stream. This is undesirable in a 
continuous flow system. These compressor designs also have very low duty cycles of around 40-50% 
(this means that for every hour you can only operate for approximately 30 minutes). If the 
compressor is run for longer it can cause damage. This damage can have a drastic effect on lifespan. 
They also result in large amounts of lubricating oil to collect within the discharge gas. This can be 
overcome through the use of oil separators. However this becomes and expensive exercise. Another 
option is to use a lubricating oil that is based on fat products. This means that if it enters the 
mixture, it will simply add to the output product causing no contamination. The issues that are 
encountered when using this design make the reciprocating piston compressor undesirable in this 
application (Engineering Toolbox, 2010). 
7.3.2) ROTARY SCREW COMPRESSOR 
 
Rotary screw compressors (unlike piston compressors) are continuous flow compressors which make 
use of two interlocking screws that gradually reduce in size. The inlet stream is taken from the side 
of the screw with the largest diameter. The gas then travels through the screws, gradually reducing 
its volume and increasing its pressure. The outlet stream is taken from the compressor side with the 
smallest diameter. This change in diameter is what determines the amount of compression that will 
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occur within the compressor (C.Beld, 2015). Rotary screw compressors are currently the industry 
standard for compressing gasses in low to moderate pressure situations. Unlike the piston 
compressor design, the rotary screw design can be run for extended periods of time without 
shutdown and maintenance. These compressors do cost more than the simple piston design but the 
price outweighs the downfalls. The main downfall of this design is again the amount of oil that is 
introduced to the outgoing compressed gas. This can lead to large amounts of contamination within 
the system (CompAir). This design is therefore not suitable for use within this application. 
7.3.3) AXIAL COMPRESSOR 
 
Axial compressors are constructed using a series of rotors and stators to increase both the velocity 
and the pressure of the fluid. The rotors are connected to a central shaft and rotate against the 
direction of the stators. These stators are fixed to the outer casing of the compressor and force the 
fluid to flow parallel to the axis of rotation. These stators also cause a pressure increase within the 
fluid (NASA, 2015). The rotors impart torque onto the fluid which in turn increases the energy of the 
fluid. This energy is then converted into pressure by the stators which slow down the flow of fluid 
and converts the circumferential component of flow into pressure (S.M, 2011).  Axial compressors 
have very high efficiencies often in the range of 80% to 90%. Axial compressors however are 
extremely expensive to manufacture due to the complex structure and material requirements. They 
also have very high starting power requirements. These issues make it less desirable for use in this 
context. 
7.3.4) CENTRIFUGAL COMPRESSOR 
 
Centrifugal compressors (sometimes referred to as radial compressors) are devices that use an 
impeller to impart kinetic energy/velocity to a fluid. This kinetic energy is then transformed into 
potential energy/static pressure by passing the fluid through a diffuser. This diffuser is designed to 
reduce the velocity of the fluid, thus causing a conversion of kinetic energy into potential energy 
(SPE International, 2015). Centrifugal compressors are used widely due to the fact that they contain 
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almost no “rubbing parts”. This makes them resistant to wear and tear and gives them a longer life 
cycle. Centrifugal compressors are also relatively energy efficient and can provide higher fluid flow 
than that of similarly sized reciprocating and positive displacement compressors. The main drawback 
is the compression ability of centrifugal compressors. Compared to positive displacement 
compressors they produce significantly less compression in single stage applications (non-cascading). 
However for the pressures that are to be attained within the process the centrifugal compressor 
meets all of the requirements (Bashir, 2010).  
7.4) CONDENSER FOR DME VAPOUR-LIQUID PHASE 
CHANGE 
 
Condensers are devices that remove heat from a fluid in order to facilitate the fluids change from 
vapour to liquid states. Condensers are typically heat exchangers where one fluid is a coolant and 
the other is the gas to be transformed into a vapour (Hindelang, Palazzolo, & Robertson, 2012). 
There are two forms of condenser that can be developed. These are water-cooled, air-cooled and 
evaporative condensers. Depending on the environment that the condenser is placed in and the 
scale of heat removal that is required, the chosen form will differ. The different forms will be 
discussed in the relevant sections below. 
7.4.1) EVAPORATIVE COOLING CONDENSERS 
 
Evaporative coolers use the thermodynamic principle of vaporisation to facilitate a reduction in 
process fluid temperature. Essentially water is vaporised in air which in turn causes a decrease in the 
temperature of the surrounding air. The air is cooled due to the energy that is extracted from it by 
the water. As the water changes states from liquid to vapour (vaporisation), large quantities of 
energy are required to break the bonds that confine water to its liquid state. This energy is absorbed 
from the surrounding air. As the air loses energy it decreases in temperature until the vaporisation is 
complete. This air is then passed across a series of tubes carrying a hot fluid. This hot fluid loses 
energy to the cool air and in turn causes a reduction in process fluid temperature. As the process 
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fluid loses energy the temperature of the air increases due to the increase in energy gained from the 
fluid. Evaporative coolers depend on the vaporisation (evaporation) of water to facilitate heat 
transfer. This results in large amounts of water being wasted which is both economically nonsensical 
due to the large amounts of money spent on water, and environmentally wasteful considering fresh 
water is already a dwindling resource. 
7.4.2) DRY COOLING CONDENSER 
 
Dry cooling condensers operate using the thermodynamic principle of conductive heat transfer. 
Conductive heat transfer occurs when heat is passed from a fluid through an object to another fluid 
or gas. This method of heat exchange can make use of either air cooling or a closed circuit fluid loop 
(most commonly a mixture of ethylene glycol and water) as the heat transfer medium. The most 
commonly used method of dry cooling is through the use of a tube and shell heat exchanger. This 
device consists of a shell with a bundle of tubes that pass through the vessel. Hot fluid is passed 
through the tubes whilst a cool fluid passes through the shell. When the hot fluid passes through the 
tubes, it loses its heat to the surrounding cool fluid through the walls of the tube. The hot fluid 
enters the tubes at a high temperature and exits at a lower temperature, whilst the cold fluid enters 
the shell at a low temperature and exits at a higher temperature to account for the energy gained 
through the conduction process. Dry cooling condensers offer many benefits over evaporative 
cooling condensers. Dry cooling condensers do not rely on the evaporation of fluid in order to cool 
down the hot fluid. This means that no water or other suitable evaporation fluid is wasted during the 
process .This keeps down production costs as well as water wastage which is extremely important. 
Dry coolers also cause no increase to the ambient humidity of the process air. This ensures that 
water is not introduced into the system which could cause impurities in the product. Dry coolers are 
also smaller in size than equivalent evaporative cooling condensers. This ensures that the process 
size can be minimised.  
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7.5) TANK AGITATION METHODS 
 
Efficient tank mixing is essential to ensure that maximum contact time is achieved between the DME 
and coffee grounds. Under standard atmospheric conditions this process would be simple. However 
due to the high pressure demands of this project, alternate methods had to be considered for tank 
agitation. This is due to the fact that anything that sits external to the reaction vessel introduces the 
possibility of pressure losses due to leaks. Hence alternate methods had to be considered. These 
methods are discussed in the relevant sections below. 
7.5.1) STIRRING AGITATORS 
 
Stirring agitators use mechanical movement within the tank to physically move the mixture to 
ensure maximum contact time. This method uses a motor driven prop to provide the mechanical 
energy to the fluid. This motor is attached to a shaft that penetrates the exterior casing of the 
reaction vessel. This shaft then extends to the bottom of the tank, where a propeller is attached. 
This propeller is the device used to convert the rotational energy of the shaft into the mechanical 
energy supplied to the mixture. This is the most common method of tank agitation used within 
industry today due to its simple construction as well as its cheap installation and maintenance costs. 
The main drawback of this method is the penetration of the walls of the reaction vessel. In the 
process that has been designed, it is required that the extraction vessel remain at pressures that 
exceed standard atmospheric conditions. This penetration can leave large air gaps where the 
pressure from within the extractor is able to leak. This would cause the extraction vessel to fall 
below specified pressure levels. This can be fixed by installing sealant devices around the shaft; 
however these methods are not 100% efficient and can be extremely expensive when implemented 
on such a large system. 
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7.5.2) PUMP MIXING (FORCED CIRCULATION) 
 
Pump mixing uses large displacement pumps to circulate the mixture around the tank (forced 
circulation). The mixture is pumped from the bottom of the tank to the top of the tank, effectively 
causing a convection current within the mixture. This allows the contact time of the mixture within 
the tank to be increased. This also stops all materials from settling at the bottom of the tank as the 
mixture is constantly circulated. This method is seldom used within industry due to the large costs 
involved with pump purchase, maintenance and operation. This method is also impractical within 
the scope of this project due to the solid particles that are present within the system. Although 
pumps can be purchased that are able to handle solids, these can be expensive to purchase and 
maintain.  
7.5.3) NITROGEN/AIR AGITATION 
 
Agitation through the use of air or nitrogen is a commonly used technique in many industrial 
processes. It involves the injection of air or nitrogen into the process through nozzles. This creates 
physical agitation in the system. This is normally used in processes that require oxygen or nitrogen as 
a catalyst in the reaction. It can however be used neutrally as a mixing technique. This method is 
extremely effective at ensuring that fouling does not occur within the tank. The main drawback of 
this method is the cost of compressing and cooling the nitrogen/air so that it can be used within the 
process. This requires a whole other addition to the plant which will cost a lot of money in both 
setup and running costs.  
7.5.4) EDUCTOR JET AGITATION 
 
Eductor jets are a technology that has not come into mainstream industrial use as of yet. They are 
mainly used in small scale aquariums to create agitation in the water. Eductor jets are able to output 
fluid at extremely high velocities and high flow rates. Eductors achieve such high flow rates and 
mixing velocities due to their additive nature. The design of the Eductor allows the mixing medium 
fluid to be drawn into the Eductor itself and then re-ejected into the tank as a mixing fluid. Figure 9 
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below shows the design of a typical Eductor. As the feed stream is introduced to the tank it draws in 
fluid from within the tank. This happens in a specified ration determined by the Eductor size and 
properties. Typical ratios are 1:2 and 1:4. This means that for every unit of fluid that enters the inlet 




This agitation method utilises no moving parts and can handle solids operations with no damage to 
the Eductor itself. They are extremely cheap to produce and extremely simple in design. This 
simplicity is what makes it ideal for this design. It can be built into the extractor vessel which means 
that no gaps will be left to allow pressure leaks. They are able to achieve high levels of mixing which 
will improve the efficiency of the project. This design is ideal for the purposes of this project.  
7.5) ENERGY RECOVERY FROM FLASH UNIT 
 
For the refrigeration produced through the flashing of DME in the flash unit, this energy had to 
somehow be recovered. This task involved designing a device that was capable of supplying a fluid 
that would release its heat to the vaporisation of DME and decrease in temperature in order to be 
sold as a refrigerant fluid. The intended design is based on the ideology of a standard tube and shell 
heat exchanger. A series of tubes will travel through the flash module. A mixture of water and 
ethylene glycol will then be passed through the tubes at a high temperature. The energy that is in 
this fluid will be absorbed by the DME as it vaporises and absorbs energy to facilitate the phase 
change. This reaction will occur in what can be considered the shell (the flash vessel). As the DME 
vaporises the temperature of the water/glycol mixture will decrease due to the energy lost to the 
DME. This fluid will then be sold as a refrigerant liquid to a customer.  
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7.6) PROCESS DESIGN OVERVIEW 
 
This section will outline the major steps involved in the process and how the inputs of the system 
transform to form the outputs of the system. The inputs must be considered as two separate 
streams. These are the solids stream which contains the spent coffee grounds and the vapour 
stream which contains the DME. Starting from the vapour input stream, the DME passes through a 
centrifugal compressor which pressurises the gas to 6 Bar. At this point the temperature of the 
vapour rises to approximately 95 degrees Celsius. The superheated DME then passes through a tube 
and shell heat exchanger to reduce the temperature to 25 degrees Celsius. At this point the DME 
condensed to its liquid state. The DME liquid is then passed through a centrifugal pump and 
pressurised further to 10 Bar. This DME then flows past a solids mixing Eductor. 
The solids stream starts as spent coffee grounds are loaded into the first stage of a double dump 
valve. When the first chamber is full the chamber is sealed. Once the chamber is sealed it is 
pressurised to 10 Bar. After this pressurisation is complete the second valve then opens, allowing 
the solids to enter a holding vessel where it will be allowed to enter the system. In this holding 
vessel a pressurised nitrogen gas line is installed to ensure that the pressure of this chamber is held 
at 10 bar (the same as the DME liquid). The bottom of this holding vessel is exposed to the top of the 
mixing Eductor. As the DME liquid flows past, the solids are drawn into the flow and mix with the 
DME feed. 
Once both the solid and liquid stream are mixed they are pumped through to the extraction vessel. 
As the mixture enters the extraction vessel, the mixture passes through several Eductors which 
facilitate the mixing of the tank. Once the mixture enters the extraction vessel, the extraction 
process is allowed to take place.  
The mixture is pumped out at an equal rate to the inflow. This outflow is pumped to a settling tank. 
This tank allows two layers to form. These are the oil/DME layer and the solid layer. The DME/oil 
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layer is allowed to overflow into the flash extraction unit. The solids are discarded from the system 
using another double dump valve to ensure that an airlock is created. This solid waste is held in a 
waste storage tank to be discarded.  
The DME/oil mixture is allowed to separate in the flash chamber. The DME changes states and forms 
back into a vapour. This vapour is fed back to the initial compressor where it is recycled in the 
system. The oil is pumped out of the flash separator into storage tanks awaiting collection. 
The P&ID shown in Figure 10 on the following page shows the layout of the system, as well as some 
initial control loop recommendations. These control loops will ensure that the system is maintained 
under control if any disturbances affect the system. The control strategy is outlined below 
- Heat exchanger is used to control feed temperature of DME to process, 
- Flow Control Valve 3 is used to control pressure of solids feed tank, 
- Pump 01 is used to control the pressure in the extraction vessel, 
- Pump 02 is used to control the level in the extraction vessel, 
- Pump 03 is used to control the level in the flash separation vessel. 
The P&ID also displays the various sensors that are recommended for the system. These sensors 
include level sensors, temperature sensors and pressure sensors. The P&ID also shows safety 
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CHAPTER 8 - CONCLUSION AND FUTURE WORKS 
 
With vast amounts of time and money being spent on the advancement of the biodiesel industry 
around the globe the industrial application of the project becomes very clear. The need for 
innovative technologies and methods for the production of biodiesel is required to make this a more 
viable and cost effective industry. With many advantages it is clear that biodiesel marks the way for 
a source of cleaner burning and safer fuel. It was the aim of the thesis project to investigate an 
alternative method of oil extraction to facilitate the removal of lipids from organic oil sources, that 
source being spent coffee grounds. Through the use of simulation software and economic analysis 
techniques, the report has resulted in several findings, which compared to current methods have 
several advantages in both safety and economics. 
Aspen Plus formed the major focus of this project. It was used to model the intended system and to 
influence the design of the final process. Many of the operating conditions were given in the outline 
of the project and those that were not calculated or estimated accordingly. The simulation revealed 
several key details of the process which were then later used to perform economic analyses. The 
simulation that was designed proved the physical feasibility of using DME as an effective solvent in 
the extraction process. The use of DME was able to heavily reduce energy costs associated with the 
drying of spent coffee grounds before the extraction process. This is due to DME’s inherent ability to 
remove the moisture content from the final product oil. This reduced energy cost later translated to 
lower production costs.  
The economic analysis that was undertaken in the project proved the economic viability of the 
intended method of oil extraction. With relatively low fixed capital cost and low production costs, 
the process is able to produce acceptable amounts of oil at a low enough price to remain highly 
profitable. With several by-products being produced and sold within the process, the profitability of 
this system is increased dramatically.  
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Through the analysis that was conducted, in both economic and physical simulation, the feasibility of 
this design can be proven. With further development and refinement, the process could be made 
more profitable. This would involve the use of optimisation to find optimal operating conditions to 
produce the maximum amount of oil with the smallest amount of input material.  
Future works would also include the professional development of appropriate process documents 
such as P&ID’s to further document the plant design. The further development of process 
equipment design such as the flash unit and extraction vessel would need to be completed. 
Although these designs are discussed in some detail within the document, the final design would 
need to be developed by someone of much greater experience in the area of process equipment 
modelling.  
The effect on temperature within the extraction vessel will also need to be researched. The effect on 
reducing or increasing the temperature of the vessel on the amount of oil extracted will need to be 
researched in order to determine the optimal operating temperature.  
Physical testing of Eductors will need to be performed to determine how well the devices will 
operate with the coffee ground/dimethyl ether mixture.  Although Eductors are able to operate with 
solids, the fine, abrasive nature of coffee grounds may prove to be troublesome. This will need to be 
determined. 
The final conclusion for the project is that the developed process represents a large step forward in 
implementing an effective, safe and economic continuously fed solvent extraction process for the 
extraction of lipids from organic products. The document proves the economic and physical 
feasibility of the intended design, and with optimisation, the feasibility will only increase. 
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